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PRKKACK TO FIRST EDITION. 



THE proHunt work w doHigncd tw a toxt-lxtok of AHtrtmnmy 
miitud to tlu> f/rncral cntltwt ill r c'tillfgra and HrhftoU of 
H(;iemc.t\ and in muant to Kitpjily that amount of itifnrnmlimt 
upon th Hubjcci which may fairly In RXjxwtwI f wvrry 

* lilmrally educated " petwm, While It awmntx tfw ptvvi- 
mw diciplino mid nu*ntAl maturity uxually trcirwjKnlin|( t 
tho iatUtr yuaiw of th rt>Ufga courHu* it tltnw ncfc dr maiitl the 
niathnnmlit-al t mining and aptitndw ni?fiHHii.ry iw thi 
of a H/it'rittl rouiwi in tin* wutMitut only th litcwl t*l<* 
tuuntai-y knowhnl^u of Algi'tjra, (tinmujtry, itnd Trigonometry 
M nnjutrcd for iu nnuling, tto iiim in to givci a ?!wir tu*fu- 
ratt!, and jiwlly im|M)rtiojtiuJ jn;ftiteiimi of AMt-rf)ttoniic*l 
factH, prirsnijiliw, and nwthcxiH irt mich a fortti thmt tlny rt 
U oiwily appnjhwncli'd hy th avinig cmlh*g fitutiuut with 
rcifmoriahlu amount of effort. 

The HmitHtiotiH of time are nuch in our ctollage 'turi thai 
protmbiy it will not bw i>ojwibl<s in mtwt* for n ttliuut to 

take* thoroughly everything 1 in the* book, Th line print w tit 
IKJ rcgardncl nithur an roHatt^ral n*itding imjHrtiiitt to tunn- 
phte vit.w of llut hubji'ft, hut nut oHHc*ittial to th rotiwo, 
Sotnu of th rliaptt'fH t'tin i*vn Iw omitttui itt wlitr. it 

i found tiuctuutary to abritigtt this wmwe HM inutrti tut jittilttj 
.$r f the chtiptem on Ittntrumeitte and oti Fert'iirlmtiotw, 

While tlie work k no contpiUUon, It tut cUimii 

to apecial originality: information and hlj have btten drnwn 
from all available xourwm. The author it* utuier gitmt oblig*- 
tioiw to th HrHtronomieid hintorbi* of It rant and Wolf, and 
especially to Mi (*lrkw* ndijtiirahle * History of Attrtimmy 
in the Nineteenth Century." Many date have been drmwr 
from lIouxeau*M valuable ** Vodu Mecum de 



iv PBEFACE. 

It has been intended to bring the book well down to date, 
and to indicate to the student the sources of information on 
subjects which are necessarily here treated inadequately on 
account of the limitations of time and space. 

Special acknowledgments are due to Professor Langley and 
to Ms publishers, Messrs. Ticknor & Co., for the use of a 
number of illustrations from Ms beautiful book, "The New 
Astronomy"; and also to D. Appleton & Co. for the use of 
several cuts from the author's little book on the Sun. Pro- 
fessor Trowbridge of Cambridge kindly provided the original 
negative from which was made the cut illustrating the com- 
parison of the spectrum of iron with that of the sun. Warner 
& Swasey of Cleveland and Fauth & Co. of "Washington^ have 
also furnished the engravings of a number of astronomical 
instruments. 

Professors Todd, Emerson, Upton, and McNeill have given 
most valuable assistance and suggestions in the revision of the 
proof ; as indeed, in hardly a less degree, have several others. 
N. J. August, 1888. 
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j>r,0gregs of Astronomy has been very rapid since the 
fcion of this book -in 1889, and, although in the 
author has attempted as far as possible to keep 
issues " up to date " by minor changes, notes, 
OftWJjr ** liptdfrjui'a," it has at last become imperative to give 
revision, rewriting certain portions and 
|||* ^jaslfccstte mdidiiions, in order to embody the new 
ressaite wMcli have been obtained during the 

been enlarged by several articles 
of certain fundamental methods and 
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formula: for which, in prrvimw (ditton*, fhr* Khith'iit 
referral to other wurkn not alwayi* ooiivriiimtly auM-f 
In one or two of UIOKO arlirhjH thu ('ulrulim $ iittr 

lined . 

The* various lahlcw have IHCMI ronvrlvd to rnnwjHitid with 
tho laU'Hl and inoHt uuthorttntivi' data; iil a tf nf illiwfralivi' 
(iXiTci-scH IIIIH IHHUI uddi'd sit fht rnd of iirjyly ov*Ty rhujiUT. 

Whiti' thw hook hiw llitw IHH luu'^HKanly ifiti*w!i,il ifirmwil 
in Hi/.i, t.lu chant's havt? IHHII HO nmnu^ccl {hat utt nrrinuH ilillt- 
(iulty will IK* i-wounUMvd iu untng tlw iw,\v cnlition itltg %vilh 
the oldur iHHtti'H, Tin- original ntunlKM'iux of thu art Mr* hint 
IKHMI rtuininl throttghout, with only otut or two t<xcrjitttn* 
th<! ijiitcjrnolaUu.1 luiittcsr Utlng diwigiiitliKt liy litutilww with 
iwturwkH. 

It U lMditvc(l that the* Intok^ HO far iw it wojm i*xt*iidi f 
may now 1m luki % u an fairly n{n*HW>tijtj| th< jrt*w*tit htnt** of 
tlw H<'iciu't, ulthraigli HoiiH' of tin* nuwt iiiiportnnt rrrwit <Ib- 
eovurii'H urtj hardly inadt* HO prominent tw would have* Unni thn 
cjW( if th revision had not IH'*I Hulf.jyttijdly fomploUM) and 
jrjmnl for tin* jjru.sH imr thiuj tw< yi'jira sign; thii netwil 
priuttJig having lxun miuih dolaytnl ly varitutN cmuww, 

SjHuuai at'knowhulginuntH mv du from this ituthor to thi' 
For tht< UlMsmlity with wliirh tlu<y have intiilr tht* 
and xiHiwivn tthangun in tin? {ihitM % unit t Ajjh*- 
tn & ('OM and ProfwwirH Fn*t, Hiths Ilclt!ii f mid Pi 
for ntnny of tin* nctw illttHtratsoiw, 
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IN this tHMiiu of th Jtuviswl Kdition it t!nn*iid*rithh 
of citrructioiiH, rhangc*, anil mtdilioim hav lw madt* In thu 
Utxt, nnd thri'M Addtaida huvt* Iwrn ii|*jii'diil in rdi?r t h 
tho hook up to datu iw far HH 
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INTEODUCTION. 



1. ASTRONOMY (aa-rpov vo^os) is the science which treats of the 
heavenly bodies. As such bodies we reckon the sun and moon, the 
planets (of which the earth is one) and their satellites, comets and 
meteors, and finally the stars and nebulae. 

We ha.ve to consider in Astronomy : 

(a) The motions of these bodies, both real and apparent, and the 
laws which govern these motions. 

(6) Their forms, dimensions, and masses. 

(o) Their nature, constitution, and conditions. 

(d) The effects they produce upon each other by their attractions, 
radiations, or by any other ascertainable influence. 

It was an early, and has been a most persistent, belief that the 
heavenly bodies have a powerful influence upon human affairs, so 
that from a knowledge of their positions and "aspects" at critical 
moments (as for instance at the time of a person's birth) one could 
draw up a "horoscope" which would indicate the probable future. 

The pseudo-science which was founded on this belief was named 
Astrology, the elder sister of Alchemy, and for centuries As- 
tronomy was its handmaid ; i.e. , astronomical observations and cal- 
culations were made mainly in order to supply astrological data. 

At present the end and object of astronomical study is chiefly 
knowledge pure and simple ; so far as now appears, its development 
has less direct bearing upon the material interests of mankind than 
that of any other of the natural sciences. It is not likely that great 
inventions and new arts will grow out of its laws and principles, such 
as are' continually arising from physical, chemical, and biological 
discoveries, though of course it would be rash to say that such out- 
growths are impossible. But the student of Astronomy must expect 
his chief profit to be intellectual, in the widening of the range of 
thought and conception, in the pleasure attending the discovery of 
simple law working out the most complicated results, in the delight- 
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over the beauty and order revealed by the telescope in systems other- 
wise invisible, in the recognition of the essential unity of the mateiial 
universe, and of the kinship between his own mind and the infinite 
Reason that formed all things and is immanent in them. 

At the same time it should be said at once that, even from the 
lowest point of view, Astronomy is far from a useless science. The 
art of navigation depends for its very possibility upon astronomica 
prediction. Take away from mankind their almanacs, sextants, and 
chronometers, and commerce by sea would practically stop The 
science also has important applications in the survey of extended 
regions of country,, and the establishment of boundaries, to say 
nothing of the accurate determination of time and the arrangement 

of the calendar. 

It need hardly be said that Astronomy is not separated from kin- 
dred sciences by sharp boundaries. It would be impossible, for in- 
stance, to draw a line between Astronomy on one side and Geology 
and Physical Geography on the other. Many problems relating to 
the formation and constitution of the earth belong alike to all three. 

a. Asteowmxy is divid^ct into many branches, some of which, as 



1. Itescd^tivi* Asfeowmy. This, as its name implies, is merely 
an orderly statement of astronomical fads and princes, 

2 Practical Astronomy. This is quite as mnoh an art as * 
science and treats of the instruments, the methods of obeeTTO&w, 
and the processes of calculation by which astronomical facts are 
ascertained. 

3 Theoretical Astronomy, which treats of the calculations of orbits 

, including the effects of so-called "perturbations." 




4. Mechanical Astronomy, which is simply the application of me- 
to explain astronomical facts (chiefly the planetary 
is sometimes called Gravitational Astronomy, 
few sXGeptions, gravitation is the only force sensibly 
ta th* Bfes of %e heavenly bodies. - Until within thirty 
, jN fife fettK* of me science was generally designated as. Physical 
teacm k W>^ objectionable "because of late it has 
writes to denote a very differ ent and compara- 



f. Spherical Astronomy,- Thin, diKrarditig all roiitddfration f 
ulmolutr dini<?iiHionH and diHlant'PH, trratn thti hiavfnly lodiH 
nimply as objwt* moving on tint "urf,'iw of tlw nlij<tial *|hr' " : 

it hiw t d only with finsk'S sind dim'tioiw, and, trrtly r'gn,rIrl, 
is in fart iWTi'ly Sphrrir>a! Trigonometry applied to AHtrommty. 

8. Ttiii at>oveimni<'d branches are not dUtinctt nmi wparahs but 

they overlap in all directions. Hjiltfriritl Aj4rtiny, fr iijliiiicn% 
itiain ty clt'iiMmKtration of many "f it frmulii' in (}ravttntttftnl 
Astronomy, atitl thinr application sijippars in Thir*tit*nl ami \*mw< 
tic-al AKtronoitty. Hut valuubh* worku rxUt U*aring all tin* ltffr- 
fill titli'K iiidiratrd aUivc, urnl if. in iitipcirtoDit for thi ttltfit t*t 
kiHiw wliat stibji-c'ts he* may 'Xp'i't to find diiiatwwd in wwli j fW 
fcliis riMUttnt it ha,* HiMMitiui worth whili* to nunw nitil tli*fltiti tlm 
wvtiral briuthj*s s ulthnttgli thi*y tl not <Iit,rifiiit. th Htunti In*. 
twrni thorn in any wtrirtly lo^ic'iU ntn! mntttally fxlHiv mattn^r. 

In tlw prcntnit tcxt-lKHtk littlw ngitrtt will i jutiil t thiw wiU- 
(HvtHiouM, iinw tin* flj<tt f tliw work IH not ttt jr**wnt a {%tm{ttt*ti 
atul {iroftntncl ftlHc'UtwIofi of tln mtliji^t uh iw wtnild In* df*ttiatti*^i 
by a prfifpiti iwtrcitjtiiii*r but only to gift* mt nnwh knowimixi* 
cif fchti fiwiti and uh wt utulorHtanttinx of tht |}rtn*nji* f s ils 
tieiifttifift in may fairly tttium to bt i*iit?iiti in a litM*rnI itttitmtiw, 
If thin mmlt i* gniwl in thn K*ittUr ? i fiiji**, it may i*aily hn|(*i*tt 
that J will wish for more tftiwi h nan find In thiw fnip**, tI 
thnn h mttt huvtt nronrsi* to works of a higtir nlf*r atttl fur 
mow clillltttitt, dtntlittK wttli th Ntttijivt mute in and mw 

thoroughly. 

To tlit no further prefiiimtten { 

than a of Algebra, flmnwtry, and 

Trigonometry, ami a iiinikr anquaintanoii with Mmdianitw ami 
l*hyiie, iifc.ially Optima. Wltili* nothing abort *f iiiittiiw. 

matioal AttainntentM will i*nablf ontt to btteum* ninimnt in the . 
enoe, yot a pwf'wt c;umpr4ntiion t.f ail ita fundamental 
and pririoipliw, and a wry Matiiifartury accjuaintandd with itM 

i quito within th reafih of ry j*wwn of ordinary intwl- 
, without any won* iitwii* training than to hail in 




our common schools. At the same time the neewaary 
and demonstrations are so much facilitated by the use of 
metrical terms and processes that it would ba trnwis to 
with them entirely in a work to be used by pupils who hum 
become acquainted with them. 

In discussing the different subjects which present 
the writer will adopt whatever plan appears beet fitted to emtvuy 
to the student clear and definite ideas, and to imprcHW thi'tn upon 
the mind. Usually it will be best to proeecul in tlut Kuc-litlnnn 
order, by first stating the fact or principle in question, and I lift* 
explaining its demonstration. But in some WH<H th<- iuvi-r.-u- \n 
cess is preferable, and the conclusion to ho rcwlti'tl nil! ;IJJT..U 
gradually unfolding itself as tho nwult of tho cl'rvatiuii;i 115 u 
which it depends, just as its discovery euma about. 



The occasional references to "Physics " refer to tli< " KInw*ntery 
Texfc-Book of Physics," by Anthony and Braktt ; Mitf in'* 
edition, 1897, John Wiley & Sons, N. if. 
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CHAI'TKK I. 

TI1K "IKH'TKINK OF THK HJ'HKHK," DKKINITIOKK, ANI> CiK 

WNHllUBHATtONH. 

AHTUONOMV, likf all tin 1 otlur Hrit'nrnw, IMH ft fcrnriimdoKy of iln 
own, and tisis technical terms In tli* description of its farts ;tml 
phonomema. In a popular tHHay it would of fours** l* pro|Kr ! 
avoid Mttah terms tin far us possible, <!Vtn at tht* i'XjHn f 'ir'um- 
lo(utti<Hift and <Kw*ional antinKtiit lutt irt it t*xt--UKik it in 



that, thn madi'i* hhould ) iutroriucM'fl to tin* mt*t, iii${Mrt;f. f th'tii 
at th(. vtry outst,, un<l tnudt* Huf!i("iitly familiar with thm U> un 
tlunn iut(*lli^(MttIy ami ;u'CMtratily. 

4, The Celestial Sphwe, T an ulwwr l*rking up t*> tli* 
heavt'iiH at night it mn*ms iw if tln Mfitr?4 w^rn glitt^rinif jnnt'i 
attacthwl to th iuwr nitrfufi* of a duu* ; wincu* w Intvi* ti tliwt juir- 
cti'ljtton of thir distant* tlun* i tio n^uioii to iitiit|,(int < n^arnT 
than othi'w, and so w involuntarily think of th* Ntirfiico an a/dr-rim! 
with ourMi*lvfi in it i^ntns C^r if wtftoinntim<'$ f*'l that tin* jtnr 
and othor objewts in th sky really differ in tUstaiu'is wi alill ii 
tivttly imagine an itttmtntHo Hphurn NurroundtttK iul *'i*kttin 
Upon thin Hplinrt* wo iuiu($tnn Htt and <*irc'lM tra*'td, ri'mMnd 
mor or lc thi nu*ridianH and parallftH ujm thi* wurfacn of the earth, 
ami ly r'fonuj<'' t thtw firoh's w art? ahli to 
tlu* apfttirffit jumitiojiH and tutttioun of thi 

Thin cjwJestiitl plr may !i r**giirt!td in Hllwr of two diffi<rnt 
way, kith of whink art* mjiwofc and l*ail t idfciiml r'It. 

(*) We mny irtfine it, in th finfc plane, &i tmii|ir*nit, and F 
mdy finite (though tictiifcfrroinwl) diminmttmn, but In *>imr irt,/ 
*a attached to, and rtninecttti ttnlk, //** /w*r /// Aw itw^ ft/tent/* 
fema.hu <it its ee>ntrfi whereMp tw gun, Ent?h olw^rvwr, in this way 
of iwifig it, carries his *wn iky with htm, ail is ihw ceiitr *.! his 
own keavims. 

(A) OP, in th second place, ...... - and thin Ii generally tlwi ttton* mn 

venitut way of regarding th matter, *- w way the 
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sphere as mathematically infinite in its dimension* ; then, let 
observer go where he will, ho cannot sensibly gfc away from 
centre. Its radius being " greater than any awignabfo 
the size of continents, the diameter of the earth, the of 

sun, the orbits of planets and comete, evn the Hpawa tiHwwi 
stars, are all insignificant, arid the whole visible- miivrw slri 
relatively io a mere point at its ct-ntro. hi wlmt follow* * v 
use this conception of the cc.lestial .sphere. 1 

The apparent place of any (u-lc.sl.ial body will fl-n i"' ?" < 
on the celestial sphere wluint tin 1 line drawn i'nn il- " 
observer in the direction in whidi lit' NCC.S tin- olijn-f, ;m> 
indefinitely, pierces tho sih('r'. Thus, in Ki^im- I. ./ 

till 

the 
^n 

f i A. i .* 

JB. 



ito 
it* 



/', ' 



is wholl un!-*'ti<J 

of itH dlmtnttft" from tin 




Kco.l. 



ai*f RXjifrHgwi in 

in right angles, in radians/ or (mor* coiumuttiy tti Mniiii- 1 
degrees, minutes, and seoonda, ThitM, for walMm\ tliw H **!> 



i To most persons ttie lqf &pptw f not t trw feBiiii^ilir^f., tt s 
vault,' as if the horizon wore awns Rttwtfe ttint tii j!ii. 11* u t 4 t 
effeot due mataly to the tatewettlrif 0iJi*i bt-twwwt a.| Uw i.-fi^-ti 
sm and mooE when rising or wtUtiff kiok ilt.i *IM* i!rf 

Wgher up, for titie same reaon. 



<ut rn 3 it M < rfi ; * , > i 
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THE "IXXmtlNK OF THE HI'HKKK. 7 

diameter of the HUH is about, 007,000 kilointnH (4,*i'l,000 tniicst), 
while tin tmyutttr twmidiawttor i about 10', or a littlt? more than 
a quarter <f a degree. Obviously, angular unite alone, can properly 
he uat'd in deHe.ribing apparent (linturu'cH and diiiummoriM in the ky. 
Fur hmtunce, one cannot Hay eorreetly that, the two tar which arc 
known an "tin 1 pointers" are two or five or ten fwt apart; tluiir 
diHtunc.ti in ahont live tirr/wii. 

It IH Hcniu'tinu'H oonvciticnt, to njmak of " ttnrfitlitr rm, n tln unit 
of whiuh is a M S(|uar0 di'Krt't'" or a "nquuro minute " ; '."., a Hiiiull 
Hfjtuan' in thi Hky of which oat-h idt< i 1" <r 1'. Thus w- may 
com nan; tin- angular area of tho wmstHhitkm Orion wills that of 
Taurus, in m/itm<i', tlt'-r/rtr*, jtiHt as ws might, wmiiuirc. I'tMniKylvjinia 
and Nw J<rsty iu squarn milnM, 

6, Rfilation betwt-im the Blitanoe and Apparent Site of an Objtot 
Supposo a gloiw having a rodiuH /{(,' tHjual to r. A muu from 




the point A (Fig, 2) ifcs apparent (,f., unyuttir) Kfmicliamt)tf*r will 
tw HAC QV *, its diitatimi Uung /1 6* or /<f. 

We have immediately from Trigonotwwtry, sinoe II In a right wighs 



If, tw i usual in AHtronoiuy, tin* diitiwtor cf the whjwjfc i 
OK ooniparwl with ite dintawu, w may write -~ . , which given 



in radiant (not in digres or iwondi), If we wish it in the ordi- 
nary angular units, 

* ~ fi7.J- , or / ~ :*47.7^, or *" ^ 2(MW(H.H J , 

where Q mfan # in tleyretm ; *', # in minute*; ", * tit tetttntt* of arc, 
In either form of the equation we HIM that the? apparent tliiwttter 
varies dirt&tli/ tttt the Unmr diameter, and mve,r*$ly eu tk& tfwtttnm. 



ints, therefore, coalesce 



celestial pole, 

POINTS AND 
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KEFEBENCE POINTS AND CIRCLES. 9 

10. Horizon. The Horizon 1 is a great circle of the celestial 
sphere, having the zenith and nadir as its poles : it is therefore 
half-way between them, and 90 from each. 

A horizontal plane, or the plane of the horizon, is a plane perpen- 
dicular to the direction of gravity, and the horizon may also be 
correctly defined as the intersection of the celestial sphere by this 
plane. 

Many writers make a distinction between the sensible and rational 
horizons. The plane of the sensible horizon passes through the 
observer ; the plane of the rational horizon, passes through the cen- 
tre of the earth, parallel to the plane of the sensible horizon : these 
two planes, parallel to each other, and everywhere about 4000 miles 
apart, trace out on the sky the two horizons, the sensible and the 
rational. It is evident, however, that on the infinitely distant sur- 
face of the celestial sphere, the two traces sensibly coalesce into 
one single great circle, which is the horizon as first defined. We 
get, therefore, but one horizon circle in the sky. 

11. The Visible Horizon is the line where sky and earth meet. 
On land it is an irregular line, broken by hills and trees, and of no 
astronomical value ; but at sea it is a true circle, and of great im- 
portance in observation. It is not, however, a great circle, but, 
technically speaking, only a small circle ; depressed below the true 
horizon by an amount depending upon the observer's elevation 
above the water. This depression is called the Dip of the Horizon, 
and will be discussed further on. 

12. Vertical Circles. These are great circles passing through 
the zenith and nadir, and therefore necessarily perpendicular to the 
horizon secondaries to it, to use the technical term. 

Parallels of Altitude, or Almucantars. These are small circles 
parallel to the horizon : the term Almucantar is seldom used. 

The points and circles thus far defined are determined entirely 
by the direction of gravity at the station occupied by the observer. 



13. The Diurnal Rotation of the Heavens. If one watches the 
sky for a few hours some night, he will find that, while certain stars 
rise in the east, others set in the west, and nearly all the constella- 
tions change their places. Watching longer and more closely, it will 

1 Beware of the common, but vulgar, pronunciation, Horizon. 



sphere the point about which it turns is in the north, not quite 
half-way up from the horizon to the zenith, fox in that region the 
stars hardly move at all, but keep their places all night long. 


14. The Poles. The Poles may be defined as the two points in. 

the sky, one in the northern hemisphere and one in the southern, 




3, The Pole Star and tie Pointers. 



reduces to zero ; i,e., points where, if a star 

***** no apparent cha ^ e of p lace 
line joinillg these p les is > 

seems to 



apart, ^^^ utuj 
-. v**w UQ bwu observed places of the star 

* H^ pole pat giren is independent of any theory 
^ e^ < * a^rr^fe rotation of the heavens. If, how- 




REFERENCE POINTS AND CIECLES. 
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ever, we admit that it is due to the earth's rotation on its axis, then 
we may define the poles as the points where the earth's axis produced 
pierces the celestial sphere. 

15. The Pole-star (Polaris). The place of the northern pole is 
very conveniently marked by the Pole-star, a star of the second mag- 
nitude, which is now only about 1^ from the pole : we say now, be- 
cause on account of a slow change in the direction of the earth's 
axis, called " precession " (to be discussed later), the distance be- 
tween the pole-star and the pole is constantly changing, and has been 
for several centuries gradually decreasing. 

The pole-star stands comparatively solitary in the sky, and may 
easily be recognized by means of the so-called "pointers," two 
stars in the " dipper" (in the constellation of Ursa Major) which 
point ver,y nearly to it, as shown in Fig. 3. The pole is very nearly 
on the line joining Polaris with the star Mizar ( Urs. Maj., at the 
bend in the handle of the dipper) , and at a distance just about one- 
quarter of the distance between the pointers, which are nearly 5 
apart. 

The southern pole, unfortunately, is not so marked by any con- 
spicuous star. 

16. The Celestial Equator, or Equinoctial Circle. This is a great 
circle midway between the two poles, and of course 90 from each. 
It may also be defined as the intersection of the plane of the earth's 
equator with the celestial sphere. It derives its name from the fact 
that, at the two dates in the year when the sun crosses this circle 
about March 20 and Sept. 22 the day and night are equal in length. 



17. The Vernal Equinox, or First of Aries. The Equinox, strictly 
speaking, is the time when the sun crosses the equator, but the term 
has come by accommodation to denote also the point where it crosses. 
This crossing occurs twice a year, about March 20th and September 
22d, and the Vernal Eqiiinox is the point on the equator where the 
sun crosses it in the spring. It is sometimes called the Greenwich 
of the Celestial Sphere, because it is used as a reference point in the 
sky, much as Greenwich is on the earth. Its position is not marked 
by any conspicuous star. 

Why this point is also called the " First of Aries " will appear 
later, when we come to speak of the zodiac and its " signs." 




to the celestial equator, rney correspond exauuy LO LUC mei.-iuia.us 
of the earth, and some writers call them " Celestial Meridians " ; but 
fte term is objectionable, as likely to lead to confusion with the 
Meridian, to be noted immediately. 

19. The Meridian and Prime Vertical. The Meridian is the great 
eirdB passing through the pole and the zenith. Since it is a great 
circle, it must necessarily pass through both poles, and through the 
nadir as- well as the zenith, and must be perpendicular both to the 
equator and to the horizon. 

It may also be correctly defined as the Vertical Circle which passes 
ftrocEghthepoZe; or, again, as the Hour-Circle which passes through 
fee %eniih^ since all vertical circles must pass through the zenith, and 
all hour-circles through the pole. 

JFVtme Vertical is the Vertical Circle (passing through the 
at right angles to the meridian; hence lying east and west 
on the celestial sphere. 

20. The Cardinal Points, The North and South Points are the 
p&fafe on, tbe horizon where it is intersected by the meridian ; the 
Htssi B& "West Points are where it is cut by the prime vertical, and 
also by HL equator. The North Point, which is on the horizon, must 
fist "be coffifounded with the North Pole, which is not on the horizon, 
te* j& *fe elemtaoa equal (see Art. 30) to the latitude of the observer. 



Wife fbese efrelm and poinfei of reference we have now the means 
iteeribe rntettipbly the position of a heavenly body, in several 



its dlttde and oaimwtfe, or its declination smdhour- 
car, tf "we know fte -tame, its decimation and rwyft* ascension. 
f tfe pairs of co-ordinates, as they are called, will define 



% Altitude and ZeuMi Distance (Mg. 4). The Altitude of a 

te% i ft* $tjler tslmvfam above the horizon, and is meas- 

% i| e < $9 iwfoal ckde passing through the body, and 




meaning as the true bearing in surveying and navigation. 




Fio. 4. The Horizon and Vertical Circles. 



0, the place of the Observer. 
OZ, the Observer's Vertical. 
Z, the Zenith; P, the Pole. 
SENW, the Horizon. 
SZPN, the Meridian. 
EZW, the Prime Vertical. 



M, some Star. 

ZMH, arc of the Star's Vertical Circle. 

TMR, the Star's Almucantar. 

Angle TZM, or arc SWNEH, Star's Azimuth. 

Arc HM, Star's Altitude. 

Arc 2T3f, Star's Zenith Distance. 



There are various ways of reckoning azimuth. Many writers express it 
in the same manner as the bearing is expressed in surveying; i.e., so many 
degrees east or west of north or south ; JST. 20 E., etc. The more usual 
way at present is, however, to reckon it in degrees from the south point clear 
round through the west to the point of beginning : thus an object in the 
SW. would have an azimuth of 45; in the NW., 135; in the N., 180; in 
the N"E., 225 ; and in the SE., 315. For example, to find a star whose 
azimuth is 260, and altitude 60, we must face N. 80 E., and then look 
up two-thirds of the way to the zenith. The object in this case has an 
amplitude of 10 N. of E., and a zenith distance of 30. Evidently both 
the azimuth and altitude of a heavenly body are continually changing. 

The Amplitude of a body is the angle intercepted between the 
Prime vertical and the Vertical circle which passes through, the body. 
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In 1%. 4, MWIT rqr 
and Z the zenith. The a 
are /?//, is the Azimuth f 
Amplitude. Mlf'm its 



MM. 

Mar .If; whil- f"/ 

, aiiil KM a* /">* 



23. Declination and Polar Distance r'Fijr *. T3< iwhn.rtu,,, 
of a heavenly body is itn unyulnr ittttrtnrr rf/ r .fA ../Mr <*--fr#. 

tial&tuatar, and ia ttwintirra! by tln sin* f tip- h<mt-ri>r}4> |-n$^^nn 
through tho objfiot, intprnpptwl lwcl*-'fu il uti<l Uw -!. -ii^r. It i 
reckoned pQMitivn (+) north of tht wlf"4j*l r|ai4, ami awK'**'^ < j 
south of it. Evidently it is pnviin*ly ! * tJ- l.itim<)r r 
place on the earth. Tlip tnirth*fmtr */i*:i*i^ f a ^t,;i ^ it;* an^ulitr 
distance from tho North I*4f*, Atid in iwjly Uw i'ii"l*^w-iii <*i tin* 
declination. Declination + Nwrth-l'oUr IHit4i*' ' '**". 

The deolination f ft stitr r^ittaiftf* iUway tl* ;* ; t *!-'*!., ll* 
slow ohangen that it. tttttlPgfn mwl tint l tniil'fv*l ft nr jr*** 
enb purpose. " I'arttlM* nf /M/i#iW M * i'uvj^* |*falls-l 

to the celestial equator. 



(Fig, B), -Tin* H*r^\n^ f n 
the poJs hvimsm, IA* meridian /A* kwur-rirf 
through the tton It m&y l in i tntt rt, 

be, and most eommonly is, in iiiw/^, **/ 

of time; tlie hoar being ftquivalnt to l*^f, ^mi 

ute wd teoottd of fctma being to 

of are respectively. 

Of ooucse the hotir*angl of an abjuH it !** 

ing mw whea the object it oa tlii ** r 

^ when It bat au4 i i. 



0, Mflit AsetnslOtt (Fig. i). - - Th* of 

is ^ anl& at tk oh bHttwii tfte atn/n |*nrrlft*/* M# 

* ti 



It may be dateed also of tbr U 

It ts jdways nnkoaad from HIM iA - 

times in 4ep0ea t Imt twonUy in rW . 

fflk* th#. dw&wtfa*) 



i^A r ^ 'i:^2Lii/^.^. \> 



86. Sidereal Time (Ki. A). ^ '.v airt.oroivl j-m]..-..-. 
it IH onnviMiit'Ht tu reckon tiiiw.iu'l >' tin- >* |"ti tn fc>, 

hut. by that, of tho vernal equinox, 

7'A/i ,SW/w/ 7Vr at any tnnm-iit iiiny I- l-iiil ^ '*' *"' 

nwr/A' {/* //' VWin/ /V/MI'II^, If i HJil.T.';1 -. !' "" *"r wwv 

tia'l iint is n thr im'ridinn ; 1 VWk |Hi4^r*':!i whrt ! Wr 

tlu- vt'i'ual t'quinox i a h*r mat f fit** mrnl;H; ti' im*>" SIH* 
rt*ckcjiH s d rmtud thnm^h llu- whl* 24 luur, **t* ao-*ti3l "'^ !|J * 
annual motion of tlw HUH amHK tin' .tarf, tlw /*' r /*".v. !> ' 




, titwte of tb ONwtnw j 
N Kit IF, 



/ stud /', Uw l*a t*tl* f ti f I0a 
ttytt'T* tbw t'ltifti KmB*lr, ** 

tial. 

A*, tli Vrwl K 
t'XT, t 



l*+li+ 



time is retiktmed for onlttiary jmrj***, i at*<ui 4 

than the ideral clay, Tli t*iitf*t tliflWrw \$ iv* *&*,&$& ji*|rr*-4i 
or ju8t on day in a ytmr; thr UMU^J M1*| **/**/ iluv wi ii 

yar, iw iigahiMt MW| far tittytt. H"* ai,- Arts, l 



27, Obierffttory Doftaitioa of Right It i* *'VM 

from ihr* alMtvt* (ltftuiti<in <f H|tlt*r*al tiwr that w- IMJIV <it" 4rliis 
Right AwwiiMton of a star n //* tiifarrtii time 'A** fA *fef 
^A meritlitin. TI Star au<I tl V*ma! K*|tiiii ar*- C^fu 



If) 



AN!) 



fixed points in the sky, and ! <{ Hutm**' 
during the sky'n apparent daily r<vUtt*n ; : 
always comes to the meridian of any <i<!**n 
hourn after the. vernal mjuinox haw ja.f.!r-il ; ;m 
IB the sidereal tinu* at th* intw*?it of th" >'ar' 
ifcs right aHCpnnion, In tin* Ki*rvs't!i*n, t.lii 
ccnaion is tin 1 , ituist natural am! **o!ivri*'i!f , 

It is obvious that the n^kt *iariiif*ion of a :i,ir ,. 
sky exactly with tin* font/it ttrff of a |?lw <* i!j* < 
longitude being reekojiwl from I Jr'ii-irli, jr4 a.- i 
reckoned from tlu vcrnul I'ljumox. 

N, II, tfo K/nt It. Jintt hrffttfit-r Ihnt th*> Af'<n'fnli/ 
tu-dwt (nut tnntjitutle* ttf thrir * , fmt Hf*f *if< 
latitudes and Innijilutlt** tin tint t'-ttrrr#fintt in th<r> 
cttra w mt*e$it(irt/ to ftrrfrnt f*wfojtin, ('^v Aft 171*,) 



28, An tirm.iUM.ry #|j/i.ei* or |itiviili.^,ii i 

essential to onable a bogitmer to gt*t tsurrri ! i.h j*!ni, 

oirolei, and otH)nlinates Itul tlw wtil 

b of assistance. 

The fiwt of tltem (Fig, 4) tlw n^n4f.in, iitut 

prim vertical, and ilwws how tii of a i nnlir,jtt'4 |y 

ite altitude and aaimutli. of ntvt|i>, <t*{MttiJitiK 

upon the direction of to att it any .f.atin 

alwayi remains in i| p a || 

apparently turns around ii, 

Th@ other figure (Pig. S) tie M f mtii 

eirolet whloh deptiul upon the t4 am 

of the dirtctiai of TJt atwl Ui 



the .meridian, wui tit of 

trtdy in &ip ova to to | n mit In tlw *|y, iitu 

the who!* Mass and i tt H IP i\ mm .^ mf 

mn mi oteridlaa nmy Im K i 

ot 



It meed 
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DEFINITlnNH AND HttSKKAt, I'OVsmEtJ ATt'*H. 

At lhn jHili-H of thi< Will, wliirli JIP, walh'liiJi!i''aU> *|'*li^:. " 
point*, the definitions of llm Mw.liun, *-f North ! Nil.. , 
down. 

Them thn jKtln (c'liMinl) and /ruilh roiiM-id**. awl nwv mimiwr 
tuny 1m drawn through th two j*.iii.s whi.-h h*r I-<-.IH' 
horizon and equator i'iinh<r*, nd fb* only .iir--<iM *. th r.t^ 
in du wntfh (tr iHlli)--i'a^i. and w'--t luv v;u5-.l-it. 

A *illKl' i'p f ll lfTV*T Will, lM*W'Vr. f,M4i'"<lv 111'' r-.^n.-u, 

and iol will w?pum(% ntvd lii nu-filuu4 will H.;' IMT..JM,. , lrirrf-H 



08. To rci;ajitilt(r: T!K ilfwtinit nf r/rr'f/ t flw* jw*ini U<-ti 
th oliicTVfr HtttndM ih-U'riiiiiifM tin* Xi-uith nI Nli ih* H*ri.v, ami 
this AliimettntiirM (imntlli*! tt tin- Hori/un), WH! 11 lh- irriifal oir-|i-. 
Onu of tho vctrtlcalH, Uw *VrnV//! i** Iti||l<'i nt fr.i th' rr.l ty 
ttits clroHttwttiura tliat it pfWHi'H thruii^h tls |fa of tl* 
tht. North anil South Point** whin it tnti?* HIP hrl/,oii, 
tt tttul Axitnuth (*r thi'ir *iptrnil. /^ 

Uultt) ant the eaoriUwtt*< whioh t! 
of a ldj by rfwmn t> tin* /i'liith niul llw M 

Similarly, tint tlii-ectl'm ttf th? earth* * ttfin (which i liHl*-|wii4ii'fil 
of the wliHnrvcr'H J>1tiw.t on the inrtt) <U*t0niiuv UM. t*ln, tJ^ 
Kqnatwr, the? l*iirfttiil of I>i*i'l!niitlH, atwl tl Itmur-CiHUn*. '/*'*> 
of tht* Htnir-CircUw an* igl'*1 out rw ivf*'rrit** Ilw** j oti< f ttn-m, 
tho Meridian, whifU |w*t* through U$ Zn!lti *! U a |tr1f 
tittfi Hnj tiic tlier, llit* Kftiliicllai C.*litf*% whi^h |H..ta** 
VsriiaJi Iw|tiiHtx a |xIt t'ht>*it fni it-** rrluon i. itt 
'^ aantial nmtteii. DecllitJilltitt ami /fonf-Anyt^ m^ HH* r--r4i. 
oaten which rtfer th |liwii of n to tlw !il il ih %f-ti*lia.ti ; 
while Dedfiifttlwri titttl /W^/il AWHfan r**fT It t* I!M* t*l uml iMjtii- 
ncxttittl Otjltire. Tlie latter are tlie t*stmiml*? tiatmtly ut{i>n'<n) tti 

ucM and ephtnirhi*i to tlufluu th |*tiiiit?i of 
H, and corrt 4 H|Kiiitl to latittnlr a4 I+*itjgitiit|" <H thr> 



80, Etktl0n of ftt WttFttiJ of tht Sky to tit* 

Observer'! Latitei*. Kvidently th n|i|mrtfut ttiuUtum f i!*<i ia 
will be ctinsicierabiy iiifiutnu:**! by ttiw flntii$ f lh i!in*rvff , 
the ptacu of tint jH>lo !tt th ky will tfojMmd ti|. it, *Hw 
of the |K>lo, orlU /'%Al m tleyftte* alw* the twiriiwn, SM 
to the Ltttlttulti of tlw otwwrvur, ImitHn), thn Clwitmn wrI far 
tude (tuitrouomtoal) Is JtWkQkt; t. M diut|>ty ** 




18 t s ,%TflTiK AM* Till' !'<! t> 

This will tw* rli-sr fn*t I'"^. *. Th^ l^s* 

angle OA% in tft*' f!m\ (If *tw r-aiiii .:r<- 

WOtllti COilU'itlt' Wilts (** tl|* i'-lfr f Ux- < at 

deltnitlcm ttf ktittnte givi'tt in ilw |fri s ,i ?r ;:|,:!:ji r;s a 
diffcrcnw*] 

Now tin* angle irat*" i *'spi;i1 f ^.,%"y. i^r^^^r 
tusitly |t*f|ic'fiieiilr; ami il r* *!-> ?1^-- .rftrf^J* 
tho line*. ////'i }iri/jiitjii t '#, ami "/'". 1^-.,| .1^ 

Thia funlttm*ntn| ri*ijit}i,. flt^ti fl* ^mi^tf -nf 

Tl 



'l'h 




SI* Bit Hflt 

, l,i, ia 



if tli* *W(t</ 



wtl HM tad 
.all It tytto 

tl Bd it Tbi 



M/f*nnh 



i ttit * will ,- |/ ! 
f tfw fcmttiw j* tall, 4 f 



U ftt tt,r 

4 tf m i^ | W !4p 
ttt tqMlor Will Hll tlw If b* .1 



cquutor, they will h liulf lite ftim- ul*vi' flu* hri/.on ami hnlf the 
lime In-low it. Thu mmm would Ire vMbhi fur almt n fortnight at 
Unio, and the HUH for M\ niontlw. 

33. The Oblique Sphere (Fig. 7). At miy ilin Iwiwwn lh 
pole; and I'qtmtor tin* Hturs will nmvn in rttvlrf* tlliju lr tln horixini, 
A'/'/.VJK'lu thu fljjcuro. Thtw \vlniH dintjinrt' from th t<li?viilrl JK>! 
IH U'HH tluin tho lislifudc f tlu i jihu't' will, of r*ijr.tti' 
thu liorixou, tho nuliua of tlio k * L'iirln of 




ftu, 7. 



IHttriMtt tffwte*, 



an It. IH {'ftllc-d (thu Khndi*d ntp uronnd /* in Uu %tr} liflng jtwt 
equal to th hc-lght of tlu |naV % und hftiwihiK larger tlw litiittitlii 
On thu othiT iutncl, tr within tl HHIIHI iUwtiiiirtt f HIM 
Kl will IU within tlw " C/iV**l / /%r/(*?fl C^lillw/* 
and will never rl ttb<ivt th horizon. 

A Htitr t*xiutly tni tins mh't*t!at fcjnatr will Imvo It, tH timid rlrt'ln 
A'Q IR/ hiHt'fUuI by tlt hori/,n und will Iw atv<* tin* horljuitt jwl 
tin long tw Inflow It. A Ntur north f thw t*t|untir (if UH* Nrtl l*t 
IH the d vtttt.nl onn) will lwv iir* tlwii half of it* diunmi i'Irrl 
tho hcirlKoti, nd wilt IH*. vWblw ir tlwti Imlf U llmu ; for 
a utttr at A : and of itmrsu Uw ruvonH* will Iw truti of 
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S ATI* \f*. 



on the other sidp of tin 1 i'jat<r.' \VL*'3irv<n th< - 
the equator, the day will tliri'fr' I*- KmrT !* *V. 
stations in northern latitude- how iwioli li>i>'-r *nJ3 
on the latitude of ttie flw ami lli*- *iin'*I*uii'-> Jr^ 
equator. 
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1 A OftlwtW Globe will U f 1 r* *' .*>* ** * < 
The north pole of lh gM tttii 1 1 J< !* * < * 

the obwmr, which *mn I* t\< i |, in, *ir ! f 
mtridian. It wilt tlw.n at < I* > *- ' " < 

never rlie, and during what f ,* t f ft f | j 
dlsteno fmw the ajwaior fa l" ' i I* ' * ^ : 

f^JIfl', firf A*?. *". 



** 



toot in dtewter" pmlmWy r'te ii|i?n * $ibj-w 
lag moditl iltstwn*, whrn* * *r0 st I?* 1 
hare to depend upm Uw ittma 4 tiiar *., ... 

towtwla tbn ob|t looked ti, Kr u*i 

fehte li Wriy tujwimte, ten for *!.*%, 

When, thifo, we kxtk ai tte i tuM-Viii 

httwaltwl i Mt ifcw a 

; wt i| 

thi f *tir *f. 

lce of the dUw to ta f i}| 1. i 

or would uttbtiiBd UM f tIf * 
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CH AFTER II. 

AHTHONOMldAL INHTIIUMKNTS. 



i. obwrvntioim nro of various kinds : sometimes 
we dwire t<> HHprrUiiit the npimri'iit tVwlance between two bodies at a 
given time; wmii'tiim-H thr jMmilicm which a body occupies at a given 
tinus or the* mimuMit it nrrivi-n nt a given em-le of the sky, usually 
the mcridiim. Smiti'tiuiPM we \r\n\\ merely lo examine Us surface, to 
miwur' IN light, w to hwHtiffntu ltn Hpcctrutn ; and for all these 
purjxmi'H hju'cial Srit*trnnn'H{s hurt- li'cn duvwed. 

Wo nnnw' in lliiM cliupti'r to tU'-Heiiln? very briefly a few of the 



35. Telwoopei in General. -Trh'Hcopt's are of two kinds, refract- 
ing find ri'ftt'c'fiiHi, Tim funiifr wtr flrot invented, and are much 
rwm* um'il, lust tlu' htrgi-it -inHtnuucntH over made are reflectors. In 
twth the futHliutuMitit! |irincnpli H tlu wtnu*. Tho large Ions, or mir- 
ror, of Ihii iiiHtrtwwut ftnm at Itn foftw a rc.nl imwja of tho object 
looked atiul thl lfitng<! it* then examined nnd magnified by the eye- 
pStce wltitfh In priiwipUi l only n, ni 



In th form f t4*lt?of% U<iwi*v(r, iutrtKiuctid hy (ialiloo, 1 and still used 
an thn * o|Mri4.-gI, M th* riiyn front th ohji-ofc-ghwH are Inl-c.rtutpttJtl by a con- 
cavti It'tw whlf'ln |trf(rsi th uf!U' tif tin y>iiit'( ft^/"r<j they meet at the 
foeuH ti> fcinn th" " r*til iuj[.' f But nn acciount of t!i arnallueHH of the 
fitiM of vlnw, and tIjT thj'ctionH, this farm of telccope is never used when 
any 



* In iirietM, CMHIm ilirl nut invent the telescope, It first invention 
to h*v* twwi In jcWtt, by f^ipiwrliey, R itctHdt'.rnRkt'r of Middleburg, 
In HdiUntl ; thtiutrh Ui* hutuir h aluu lirorj alffiirned for two or throe other 
Dutch wf*iiim, (JsItSw, In his *'N'un?!u H/thrt'ii8," publishi'fl in Mnrcli, 
UUO, Silmss-lf mv llail hi' h4 hi'rl c.f t\w Dutrh lntrunHnt in 1000, and 
hy w> tu'ariiiK wi lrl to rmmtruft his own, whldi, howevor, far excelled in 
pfwtr any ilmt luit birn siwilt- |rt<vittUNly i anI he w tho flrat to apply 
tliti tt'fr|w to Amrutittttty. Bvo (iratit'M " History of Astronomy," pp. 514 
ml 
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36. Simple Eeftuoting Telencope.- ~TIi r.u*5Hi. I'-ti-Miuliv *IH 
shown in tho figure (Fig. K)of a tnlw ronUinintf !*!*'' : a in#li 
convex Ions, A callrd tho o1ij'tgliw ; ntvl miUirr, of mn11rr *i*i 
and abort fociw, /I, ralknl tin* iy'-| !*, ferallm;? llw frmtnjU<* f 
lenses the student will ci tht if tin- itmirwiRiil !w <lir-r$ <l st |jp. 
taut object, the moon, for h*iftn<'', nil lh<" r!iv. vi,.-j. s , thi<*)i fail 
upon the objcct-glftus front a jniint nl fh ^/' "^ f ^ < " w-'-**'* 1 . *H l? 
colleotetl at a In the ftxntl plnms nt llir ?wf?". f tl' iwsg**. Nimi 
larly rays from tlie biMnin of tin* IHI will $?< l I* at UK- i.-f f tlwi 
imago; moreover, slnt'.c th<* rsiv thai fw thrnujjh i^-^ **j*ii- ft i 
of the lens, o, are unrtc'vinU'd, 1 lf' <*j\ -U |!il fr-* ; r 

other words, If tha focnl Iriifilli f tin* lni i fin* f--i t fr Itf^ 
then the image of tho rmwm, * ? tn > a (iiftlAtu-c f fin-. |W| 
appear juit sw lurgc* sw tfwi tn Hwlf iJ*'** in iis* ly, . || will 
subtend the lame angle, if we lk at II frnw m,llrr 4*tfir, 
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say from & distance of one (bat, tint will UM 

moon | and in fact, without an t nit, * 

normal eyes can obtain tttt 

objeot-glasi of a huge With a <if tea f**| 

as fa ordinarily in * nut 

xnonntatna on tin* moon and Uie f 

by taking out the eye-piece, and tt tty Iti gi lint of 

some eight or ten of tha <*yi**|*b^> 

The image fs a real OMJ !.., tte | ttut *"** 
points in the object at in ttp> im. 

age, so that If a photographic plato w**r nt iA f MW! 

erly exposed, .a piobtre would Im otitalm^l. 

If we look at the wifb the nit, w 

iltt 



to 



tat Mm- of Wf fat * 



Sitni* 

ill 

lit 



from any point of Un> umitfi' will, nnrr J.H*MU^ lli* I'|K, ! ' 
vt'i'ti'd into a parallel ln-iuii, imd.wHl npprnr f< tin- t-yr f< ! frm 
a point at an infinite dfctiiwo, H if frw u ljvt. in tl- wky. Tli 1 
rays which came! front tin* tjuf th timou, for tUHtniHv. t*i nt" i-l* 
U'cfcwl lit in the iitmp', will rcwh thr ry * n l - :ts }<if<t!i->! t,, thv 
line /;, H'hfclt ctuutt't'tx a trith tin 1 njrfir<it i'*-tri' ">f tt<*~- '*" -/ 
Inrly with the my whit-h inrct nt /, Ti: nlwrvrr, ll 

KtHI till! //^ of tin 1 IWIOU'H (li*ir ill fll( tUlVfllit| *!", H|jl II 

the (llr^ctinn r/. It will fipjn-nr t*> him int't<r(rt, HIM! jjr 
fitul ; it iippari'nL iUnnu'trr, UH WMMI tty tlu- tmknt rv* utul mi's'Mf-t 
hy the ntigh 1 unit (or HH (ujtml /v'aji Iwving IHTH iiirrra**l i*> i-fe, 
Sincts hotls tlu*H< niiglt'K itn? huhli-nflr*! hy tin' wsuttr hnr nh t ;tttii siro 
s//ui// (tho (latins of ftnirs w niiirh uif, of }j'H|iijun| t thi-y umi 
h invi't'Htly prupuriutnni t tli ilj^hmci 1 '/* nul ^ ; ,', /** : fc 1 ** *> 
dnoh\ or, putting thin Into wordH i Tin- ntlU* iM'twwri iJjr tittturml 
apparfMit (lltiniwltsr f th* uhjt'ft* nml itn i|lnmtrr JM w*iti lliri||li ttw* 
teliRKp(% w ptjtttil to tlit 1 rtttltt ltt>$f(vt'n thf fttctil li-wfllin ttf th# *y^ 
fan* nnd itt>jrt't~i(tttxx t Thw ratio In rullrd th mutfn (/(/"[/ /*r**r 

of the teiei*t'oi mid in tlitt*fri* i/'ivt'ti ly ill** nitupU* ftuttti 

jfP 
Mta , whftw Fis the ftwal length of U> thj*rt.y!ttii umi / ihtit f 

eye-iJlettts 1 while M in tlw ttiiigttifyiti$c JKIWIT, 

If, for tsxamplo, tht* ohjin't-gSiw?* Imvit A fH*n! IntuUi >f thiriy ft-rt, 
anil thc t'.yn-pitfcn of ono Itic'h, th mii|(Hif\iii^ jwrr will S- ,'Jiiu j llii- 
powttr may lu tilutngcd at ph-nsuri* hy Miitmtitittiiig tisfffrrtit ryp* 
i'.i, of whU'.U uvcry liU'gt? l*'h'Htje UHH tin scitUrtivf f*t*M?k, 
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38, Bl%Mtt Of Imaff, Hinee nil tin* my* fhwt a tttr 
fall |on tins largi ohjiH-t-ginw nrw t,rtii}?*iuiU.rtJ in lin* uWrvfr 
(neglecting the losmw hy fttwrj>tlwt ttiul ri*llw*tlii) f he 



1 A 
ftlllitcn 



jct tttrtittfti the wrtnig ml of 



uf 1 Is HI* wuwtlfylttig IMIWT at if!, (Mji-i 4 
sngU-s. A uiaKiiifyitiK |m-r ii-iiut-<t l.y M frt<tiuu t *ay J, 

u Jilni-ri tutk Wrr, 
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celvea a quantity of light iiw-'-l? ^r-;i!*-T than !, 
aa niany tittifR greater JM ti< jtr*',i ( ttsr -sbjrc 
that of the |nijil of thr '*', if ' 

of flW'fifth f AH lll'il, t 

tin* %hfc twititvfw fin-, 
and thft ffntat I.it'k t 
tirnw, tht amnttnt Iwi 
of the ten*. 

It mUt Hot 

atl object 1ik" tlir tnwm, rr a 

In any wich ratio, sitin* tti* 1 p 

vaitly inon* ?xU'fiHiv* 

PWtn it) fart, it rttft 

how Rlt ejctrnttnl wtfJir* lrigl$!$'f' than if a^jar 

eye. But tt l*ll y?i!i*ff of J#l| otili^r^t ? 

by the tttle.*|, iiiiii in ffittjrtfr',, inlt|r# 
faint to JHJ vwiWi* t ih nn*iit ! ii %, an- i-%r 

prttCtitllj Vl'fV i 

with the 



|.f*-:i;i% 




m, 

with which thft 

ths rays which 

4 single ln, with j 

ths *< fi.httiVtt.itrt.nn * 



111 it** H 

111* fit i|| 



whfah Is far 



lit two lit*? Mint 

In* if It rr . 

lilt |f ||$f ; i|| |||tf 

tut in mtv WHY, 



ttM If tU I 10 Itltt t)M Of ft ttlftf lit tk*h 
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41, The Achromatio Telescope. The chrmimtlc, aberration *>f 
letiK, EH line been naid, cannot be cured by any modification of the ICIIH 
itwelf; but i(, wan diHcovered in England about 17(50 flint it can be 
nearly corrected by making the objcct-ghwrt of tint for more) IcnwH, 
of different kintlx of glum, nnc of the lense,H being convex awl the 
other concave. The convex len in tiHiinlly nintle of rnnt'n ghiKH, the 
concave of Jlint gluHH, At the name time, by properly choosing the 
curven, the Njihertrtt! aberration can alno be destroyed, HO that nuch a 
compound ohjeet-ghiHH come,** reasonably near to fulflllinii; the con- 
dition, that it nluudd gather to a tnatluMnatietil point in the image nil 
the rays that reach the object-ghiHM from a ninglc point iit the ohjtu't, 

Them* object-glares admit of n considerable variHy of form*, Formerly 
they Wf s n generally made, JIH in Fi}(. It, Xn. It, having the two Ji'tiHe* eloMo 
togthir attd tint wljatuiit Hrfmu of th wtut<, or nearly thn HHIIH*, rurvti' 
ture., lit Kttiull ohjcet-glaHHes the Ifaws an< often wmi'ttt* 1 *! tugithT with 
(autula balwun or Home uth.M' trannparenl tnediunt. At |ir**jtt nuttic *f th* 
iw,<4 makiTM wparate tlie two linnet by a eonsiderable flt^tanef*, < n to 
admit a free circulation (f air ?Hlui'*>n UUMU; in thu I*ulkowji ftn*i 

("lark, the ]<MIM*M arc wvi-ji inchcM jj... .-"-.-. 

apart, and in Urn Link lelcM-ope *ix ! 

arid a half inchcx; m in Nn. 1. In ; 

a form thsviwd by (intiMx (Xu, i), n<t>li 

which hM nciuin wIvatilnKm., but in rw<8 ''" IW TljlTto ^ 

dtfflctdt nf pontnu?ti)H, th (?urvH 

are vry ctep, arid both th ! ar* of wnttih-gla**! form i-om-avi* on un 

tide and mnwx n fchw0lhfr, In all tht* fornw lh rwwn ^liv** In cujtwUh"; 

Hteinhnii, Ifwttngs, and ath^rx hnv** enstru;tl U i >i with thn jlint-ytttmi 

lens outid. OhjiH!fc-glaw* strw *Hn*tim* tniMl with fA/w ln ijit*'ml 

of two; a slightly better t'tirrwtiotj of ftlwrritttun* *an 1* tbtttinl in this 

way, but thi" gain bi UMI miill tt pay for th* extra **X}K*H* and )* f iighl, 

43, Stcoadtry 8potram. - It w not, however, ptibb with thi 
kinds of gltwn ordinarily ?jn ployed to rur' a fntrftH't corrtn*tiort tf 
the color. Our lt aafrornat,$c, lt*tiu bring thi yillc>wi*th ppwn 
rays to a footw nmnr fkn km* than thty do th* red and vioh*t. Itt 
tmeqiH*n(H% th iumgt? of a bright ntar i Kurrountltd by a purpl* 1 
halo, which in not very tiotiwabh* in a KCKK! telescope of Hrnal) HI/IS 
but i vry oonipiouoiw and trotthhono in a larg*' m*fcruiwnt. 




Tliia Irnjwrfwlittu of iultrtinitim ntak^H It ititMatififitcUiry Ui tu* EH ordi- 
nary letw (ritwlly currwiUnl) far iwtrcificHalra-l |i)ut4v;fu)'tty. T fit it tt; 
make good photograph*, It rriunt either Im uptwially eorrwt?ted for ti 
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Ihitf ftfrt twmt *ffH'tU< in Jb<i-^i;j'ji 

will Itt* ahiiwt wirf!il ! 'iw ii-iM0!U ). >! 
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lilas fur VtNllfil 
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42*. 

K!B IIMW iimilniit .Jena, ltil 
MittiHftU'tority Inlliy'ii'il. 
will nut runt," an*] latx*' 

h<w'V'r, tli Ksifiiiftlb t*]4\r 
fwtly 
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fur vintml wnl | 
in <!int'l*'r, t>ut tj* | hml 
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48. XMffrftOltoa A^ Ev0li if ft U*t 

M ttlt 0f t*tltlK, ttt *mftf" wf 

prtvitnU ttit of ft lumiimtiH |t>iiti *| M n^ 

of i cwatrot rfi**% In t|M VV tn. 

tra Mill to t the w!uf% ami thi** i % * 

of of whieh, huwfvcr, .!> l!*r 

The nize f Ilil* diw nl uu 
from the known ww-ipngttts of %ii nml 
of the lean* anil the rei!te wv 

The diameter of tlit* " ttfturiouv ili M 
ta of the telecK*i, According to Ilf4*rr it i 
I-tooh telcori! and eouequ<mtiy l w 
m on, 

ich U db tli it|riri|f of 

t*ll, Ktt f Mil 



A th* it In 

own, and if lt lr fa |*pffwfl ( f **'' ,. 
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perfectly round and well defined, without wings or tails of any kind, having 
around it from one to three bright rings, separated by distances somewhat 
greater than the diameter of the disc. If, however, the magnifying power 
is more than about 50 to the inch of aperture, the edge of the disc will begin 
to appear hazy. There is seldom any advantage in the use of a magnifying 
power exceeding 75 to the inch, and for most purposes powers ranging from 
"20 to 40 to the inch are most satisfactory. 

44. Eye-Pieces. For many purposes, as for instance the examina- 
tion of close double stars, there is no better eye-piece than the simple 
convex lens ; but it performs well only when the object is exactly in 
the centre of the field. Usually it is best to employ for the eye-piece 
a combination of two or more lenses. 

Eye-pieces belong to two classes, the positive and the negative. The 
former, which are much more generally useful, act as simple magnify- 
ing-glass.es, and can be used as hand magnifiers if desired. The focal 
image formed by the object-glass lies outside of the eye-piece. 

In the negative eye-pieces, on the other hand, the rays from the 
object-glass are intercepted before they come to the focus, and the 
image is formed between the lenses of the eye-piece. Such an eye- 
piece cannot be used as a hand magnifier. 

45. The simplest and most common forms of these eye-pieces are the 
Ramsden (positive) and 

Huyghenian ( n egati ve) . 
Each is composed of two 
plano-convex lenses, but 
the arrangement and 
curves differ, as shown 
in Fig. 10. The former 
gives a very flat field of 
view, but is not achro- 



Stetnheil- (Monoeeritrto' 
(Positive) 



Ramsden 
(.Positive') 



Suygkenian 
(Negative) 

II *4&Zg&i*' 




matic; the latter is more FIG. 10. Various Forms of Telescope Eye-piece, 

nearly achromatic, and 

possibly defines a little better just at the centre of the field ; but the fact 
that it is a negative eye-piece greatly restricts its usefulness. In the Rams- 
den eye-piece the focal lengths of the two component lenses, both of "which 
have their flat sides out, are about equal to each other, and their distance is 
about one-third of the sum of the focal lengths. In the Huygheman the 
curved sides of the lenses are both turned towards the object-glass ; the 
focal distance of the field lens should be exactly three times that of the lens 
next the eye, and the distance between the lenses one-half the sum of the 
focal lengths. 

There are numerous other forms of eye-piece, each with its own advan- 
tages and disadvantages. The erecting eye-piece, used in spy-glasses, is 
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essentially a compound microscope, and gives erect vision by again invert- 
ing the already inverted image formed by the object-glass. 

It is obvious that in a telescope of any size the object-glass is the most 
important and expensive part of the instrument. Its cost varies from a few 
hundred dollars to many thousands, while the eye-pieces generally cost only 
from 5 to $20 apiece. 

46. Reticle. When a telescope is used for pointing, as in most 
astronomical instruments, it must be provided with, a reticle of some 
sort. This is usually a metallic frame with spider lines stretched 
across it, placed, not near the object-glass itself (as is often sup- 
posed), but at the focus of the object-glass, where the image is 
formed, as at a b in Fig. 8. 

It is usually so arranged that it can be moved in or out a little to get it 
exactly into the focal plane, and then, when the eye-piece (positive) is ad- 
justed for the observer's eye to give distinct vision of the object, the "wires," 
as they are called, -will also be equally distinct. As spider-threads are very 
fragile, and likely to get broken and displaced, it is often better to substitute 
filaments of quartz, or a thin plate of glass with lines ruled upon it and 
blackened. The field of view, or the threads themselves, must be illumin ated 
in order to make them visible in darkness. 

47. The Eefiecting Telescope. When the chromatic aberration 
of lenses came to be understood through the optical discovery of 
the dispersion of light by Newton, the reflecting telescope was in- 
vented, and held its place as the instrument for star-gazing until 
well into the present century, when large achromatics began to be 
made. There are several varieties of reflecting telescope, all agree- 
ing in the substitution of a large concave mirror in place of the 
object-glass of the refractor, but differing in the way in which they 
get at the image formed by this mirror at its focus in order to 
examine it with the eye-piece. 

4& In the Herschelian form, which is the simplest, but only suited to 
Tery large instruments, the mirror is tipped a little, so as to throw the image 
to the rife <rf fte tube, and the observer stands with his back to the object 
M* looks dom into the tube. If the telescope is as much as two or three 
flwfc m (QfcMffi^ M head will not intercept enough light to do much harm 
--. not *ly so nuub as would be lost by the second reflection necessary in 
fte ti asfenment. But the inclination of the mirror, and 

to an y ver J ac te definition, 
ing but the observation of nebulise 
naalaly require lightgathering power. 





ft 




A 


if 


..,.__ 


B 










a, 





1 ,-., b 


I _ ^ 


a 


-T" ' r 

1 aH ^ 




O 




the focus of the large mirror, which makes the instrument a little shorter, 

and gives a flatter field of 

view. 

Formerly the great 
mirror was always made 
of a composition of cop- 
per and tin (two parts of 
copper to one of tin) 
known as " speculum 
metal." At present it 
is usually made of glass 
silvered on the front sur- 
face, by a chemical pro- 
cess which deposits the 
metal in a thin, brilliant 
film. These silver-on- 
glass reflectors, when 
new, reflect much more 
light than the old specula, 
but the film does not retain its polish so long. It is, however, a comparatively 
simple matter to renew the film when necessary. 

The largest telescopes ever made have been reflectors. At the head of the 
list stands the enormous instrument of Lord Rosse, constructed in 1842, with 
a mirror six feet in diameter and sixty feet focal length. Next in order 
comes the five-foot silver-on-glass reflector of Mr. Common 1 (1889), and 
another of the same size, figured by Mr. Ritchey, and recently mounted 
at the Mount Wilson Solar Observatory, near Pasadena, California. Then 
there are several instruments of four feet aperture, first among which is 
the great telescope of the elder Herschel, built in 1789. 

49. Eelative Advantages of Refractors and Reflectors. There has 
been a good deal of discussion on this point, and each construction has its 
partisans. 

In favor of the reflectors we may mention, 

First. Ease of construction and consequent cheapness. The concave mirror 



FIG. 11. Different Forms of Reflecting Telescope. 
1. The Herschelian ; 2. The Newtonian ; 3. The Gregorian. 



Acquired and mounted by Harvard College Observatory in 1905. 
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a little more slowly than it would in vacua, and every change in the 
density of the air affects its rate more or less. With mercurial 
pendulums, of ordinary construction, the " barometric coefficient," 
as it is called, is about one-third of a second for an inch of the 
barometer; i.e., an increase of atmospheric density which would 
raise the barometer one inch would make the clock lose about one -. 
third of a second daily. It varies considerably, however, with differ- 
ent pendulums. 

It is not very usual to take any notice of this slight disturbance ; but 
when the extremest accuracy of time-keeping is aimed at, the clock is either 
sealed in an air-tight case from. which the air is partially exhausted (as at 
Berlin), or else some special mechanism, controlled by a barometer, is de- 
vised to compensate for the barometric changes, as at Greenwich. In the 
Greenwich clock a magnet is raised or lowered by the rise or fall of the 
mercury ic. a barometer attached to the clock-case. When the magnet rises, 
it approaches a bit of iron two or three inches above it, fixed to the bottom 
of the pendulum, and the increase of attraction accelerates the rate just 
enough to balance the retardation due to the air's increased density and 
viscosity. There are several other contrivances for the same purpose. 

53. Error and Rate. The " error" or " correction" of a clock 
is the amount that must be added to the indication of the clock-face 
at any moment in order to give the true time; it is, therefore, plus 
(+) when the clock is slow, and minus ( ) when it is fast. The 
rate of a clock is the amount of its daily gain or loss; plus (4-) when 
the clock is losing. Sometimes the hourly rate is used, but " hourly " 
is then always specified. 

A perfect clock is one that has a constant rate, whether that rate 
be large or small. It is desirable, for convenience* sake, that both 
error and rate should be small ; but this is a mere matter of adjust- 
ment by the user of the clock, who adjusts the error by setting the 
hands, and the rate by raising or lowering the pendulum-bob. 



The final adjustment of rate is often obtained by first setting the pendu 
lum-bob so that the clock will run slow a second or two daily, and then 
putting on the top of the bob little weights of a gramme or two, which will 
accelerate the motion. They can be dropped into place or knocked off with- 
out stopping the clock or perceptibly disturbing it. 

The very best clocks will run three or four years without being stopped 
for cleaning, and will retain their rate without a change of jnore than one- 
fifth of a second, one way or the other, during the whole time. But this is 



